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D(3)
2,A (Q 2 , β, x I P ). Moreover, we analyze the ratio
2,A2 , which probes the nuclear dependence of the structure of the pomeron. We show that saturation physics predicts that approximately 37% of the events observed at eRHIC should be diffractive.
Introduction
One of the frontiers of QCD intensely being investigated in high energy experiments is the high energy (small x) regime, where we expect to observe the non-linear behavior of the theory. In this regime, the growth of the parton distribution should saturate, forming a color glass condensate (CGC). (For recent reviews see, e.g. [1] [2] [3] [4] ). In fact, signals of parton saturation have already been observed both in ep deep inelastic scattering at HERA and in deuteron-gold collisions at RHIC (see, e.g. [5] ). However, the observation of this new regime still needs confirmation and so there is an active search for new experimental signatures. Among them, the observables measured in diffractive deep inelastic scattering (DDIS) deserve special attention. As shown in [6] , the total diffractive cross section is much more sensitive to large-size dipoles than the inclusive one. Saturation effects screen large-size dipole (soft) contributions, so that a fairly large fraction of the cross section is hard and hence eligible for a perturbative treatment. Therefore, the study of diffractive processes becomes fundamental in order to constrain the QCD dynamics at high energies.
Significant progress in understanding diffraction has been made with the ep collider HERA (see, e.g. [7] [8] [9] ). Currently, there exist many attempts to describe the diffractive part of the deep inelastic cross section within pQCD (see, e.g. [6, [10] [11] [12] ). One of the most successful approaches is the saturation approach [6] based on the dipole picture of DIS [13, 14] . It naturally incorporates the description of both inclusive and diffractive events in a e-mail: msks@if.usp.br b e-mail: barros@ufpel.edu.br c e-mail: navarra@if.usp.br a common theoretical framework, as the same dipole scattering amplitude enters in the formulation of the inclusive and diffractive cross sections. In the studies of saturation effects in DDIS, non-linear evolution equations for the dipole scattering amplitude have been derived [15] [16] [17] [18] , new measurements proposed [19] [20] [21] [22] and the charm contribution estimated [23] . However, as shown in [10] , current data are not yet precise enough, nor do they extend to sufficiently small values of x I P , to discriminate between different theoretical approaches.
Other sources of information on QCD dynamics at high parton density are due to nuclei that provide high density at comparatively lower energies. Recently, in [24], we estimated a set of inclusive observables that may be analyzed in a future electron-ion collider [25] . Our results have demonstrated that the saturation physics cannot be disregarded in the kinematical range of eRHIC. Our goal in this work is to understand to what extend the saturation regime of QCD manifests itself in diffractive deep inelastic eA scattering. In particular, we will study the energy and nuclear dependence of the ratio between diffractive and total cross sections (σ diff /σ tot ). HERA has observed that the energy dependence of this ratio is almost constant for different mass intervals of the diffractively produced hadrons over a wide range of photon virtualities Q 2 [26] . This ratio is to a good approximation constant as a function of the Bjorken x variable and Q 2 . Moreover, we make predictions for more detailed diffractive properties, such as those embodied in the diffractive structure function F D(3) 2 (Q 2 , β, x I P ). Motivated by [25, 27] , we also analyze the behavior of the ratio between nuclear diffractive structure functions R diff A1,A2 (Q 2 , β,
2,A2 , where A 1 and A 2 denote the atomic number of the two nuclei. It is important to emphasize that diffractive processes in eA collisions were studied in [21, [28] [29] [30] [31] [32] [33] [34] [35] . Here we extend these studies to a large number of observables, considering the dipole approach and a generalization for nuclear targets of the CGC dipole cross section proposed in [36] . As this model successfully describes the HERA data, we believe that it is possible to obtain realistic predictions for the kinematical range of the electron-ion collider eRHIC. This paper is organized as follows. In next section, we present a brief review of the dipole picture. We present the main formulae for the dipole cross section and the diffractive structure function. In Sect. 3 we introduce the overlap function for diffractive events, which allows us to find the average dipole size that contributes the most to this process, and analyze its dipole size and nuclear dependences. Moreover, we estimate the different contributions to the diffractive structure function and present our predictions for F D(3) 2 and R diff A1,A2 . Finally, in Sect. 4 we summarize our main conclusions.
Dipole picture of diffractive DIS
In deep inelastic scattering, a photon of virtuality Q 2 collides with a target. In an appropriate frame, called the dipole frame, the virtual photon undergoes hadronic interaction via a fluctuation into a dipole. The wave functions |ψ T | 2 and |ψ L | 2 , describing the splitting of the photon on the dipole, are given by [13] :
for a longitudinally and transversely polarized photon, respectively. In the above expressions 2 = α(1 − α)Q 2 + m 2 f , K 0 and K 1 are modified Bessel functions and the sum is over quarks of flavor f with a corresponding quark mass m f . As usual, α stands for the longitudinal photon momentum fraction carried by the quark and 1 − α is the longitudinal photon momentum fraction of the antiquark. The dipole then interacts with the target and one has the following factorized formula
Similarly, the total diffractive cross sections take on the following form (see e.g. [6, 9, 13] 
where
and we have assumed a factorizable dependence on t with the diffractive slope B D . The diffractive process can be analyzed in more detail by studying the behavior of the diffractive structure function F D(3) 2 (Q 2 , β, x I P . In [6, 13] , the authors derived expressions for F D(3) 2 directly in the transverse momentum space and then transformed them to impact parameter space where the dipole approach can be applied. Following [6], we assume that the diffractive structure function is given by 
